Abstract: The goal of the present study was to investigate the relation of hours of overtime work to cigarette consumption and addiction to cigarette, which was measured by the heaviness of smoking index. The subjects were 571 male daily smokers who responded to a cross-sectional survey of municipal employees of a Japanese city office, in which smoking was permitted in designated areas. Those who engaged in moderate overtime work (10-29 h per month) consumed less number of cigarettes per day and had lower levels of heaviness of smoking index, compared with those who worked either shorter or longer hours of overtime, although the differences were not statistically significant. In the workplace, men who worked 50 h or longer overtime last month consumed, on average, 4 cigarettes more than men who worked less than 30 h of overtime. Home cigarette consumption decreased as hours of overtime work increased. In stratified analysis, there was a significant difference in daily cigarette consumption according to hours of overtime work among smokers in staff position or under low psychological work stress; showing reduced consumption associated with medium levels of overtime work, compared to either no overtime work or extended overtime hours. The U-shaped relations of hours of overtime work to overall cigarette consumption and addiction to smoking deserve further investigations.
Introduction
Health problems arising from long working hours represent an important issue in occupational settings 1) . In Japan, where working long hour is a social norm, additional hours of work have been linked to a wide range of adverse health effects, including sudden death 2) , acute myocardial infarction 3, 4) , diabetes mellitus 5) , and sick building syndrome 6) . Moreover, the number of workers officially recognized as suffering from mental disorders as the result of overwork is increasing 7) .
Long overtime hours result in physiological dysfunctions 8) , which may in turn trigger serious diseases. Long working hours may also contribute indirectly to the occurrence of disease by deteriorating health-related behaviors, including smoking 1) . If smokers who work long overtime hours consume more cigarettes as a mechanism for coping with stress, these overtime hours would intensify smoking habits, and in turn, increase the rate of smokingrelated pathogenesis. However, there is a paucity of evidence for an association between work hours and smoking intensity 1) . The present study sought to investigate cigarette consumption and addiction to cigarette in relation to overtime hours worked, using survey data of municipal employees in Kitakyushu, Japan.
Materials and Methods

Survey
Two questionnaire surveys were conducted as part of a smoking control program in a city office in Japan. Details of the first survey in 1998 have been described elsewhere 6) . The present 2001 survey was undertaken 6 months after the tightening of workplace restrictions on smoking. The amended workplace restrictions prohibit smoking except in designated smoking areas located on each building floor. Employees were allowed to take short breaks for smoking unrestrictedly during office hours. The conduct of the survey has been approved by the safety and health committee of the city office.
The targets of the present survey were permanent workers in office buildings of the city office. Workers in small branch offices or in offices attached to specific facilities such as waist incinerator plants were excluded, leaving approximate 5,000 workers in 13 large office buildings. Of these, nearly half (n = 2,568) workers were randomly selected using the last digit of worker identification number and asked to respond to an anonymous questionnaire. The questionnaires were distributed and returned using internal mailing system of the office. The questionnaire included queries concerning the work environment and health, including smoking habits, smoking restrictions, overtime work, and psychological work stress. The response rate was 84% (n = 2,161).
Overtime and smoking habits
In the present office, the scheduled weekly working hours for permanent workers is 40 h (8 h per working day). Subjects were asked to give one of five possible responses for number of total overtime hours worked during the preceding one-month period: none, fewer than 10 h, 10 to 29 h, 30 to 49 h, and 50 h or more. Current smokers were asked to indicate the number of cigarettes smoked daily, the number consumed at the workplace, and the number consumed at home over a typical work day. Cigarette consumption in places other than workplace and home was not asked. We calculated the heaviness of smoking index 9) as a measure of addiction to cigarette by summing the scores of the following two items: cigarette consumption per day (1 to 10 cigarettes = 0 point, 11 to 20 cigarettes = 1 point, 21 to 30 cigarettes = 2 points, 31 cigarettes or more = 3 points) and time to first cigarette of the day (within 5 min = 3 points, 6 to 30 min = 2 points, 31 to 60 min = 1 point, more than 60 min = 0 point). The range of scores was from 0 to 6, with higher values indicating stronger addiction. The Pearson correlation coefficients with the heaviness of smoking index were 0.81 and 0.88 for score of cigarette consumption and that of time to first cigarette of the day, respectively. The correlation between cigarette consumption and time to first cigarette of the day was moderate (Pearson correlation coefficient = 0.44).
Potential confounders
Age, workplace smoking restriction, occupational position, and psychological work stress were considered as potential confounders in analysis. In selecting these variables, we referred either to our previous analysis 10) (age and smoking restriction) or to other literatures (occupational position 11) and psychological work stress 12, 13) ). Our questionnaire included four queries about psychological work stress: interest in work ("Do you regard your work as interesting and stimulating?"), perceived work overload ("Do you have too much work to do?"), control over work ("Do you have any opportunity of influence your working conditions?"), support from colleague ("Do your fellow workers help you with problems you may have in your work?"), together with four response options (often, sometimes, seldom, never) for each question. These questions on work stress were derived from MM040EA 14) , a questionnaire for indoor environment and health.
Statistical analysis
Since few female subjects smoked, all the subjects analysed were men. Of 642 current male smokers, we excluded 38 less-than-daily smokers and 33 subjects who provided incomplete or inconsistent responses with respect to smoking habits, overtime hours worked, or confounding variables. This left 571 daily smokers for analysis.
Differences for categorical variables were tested using the chi-square test. Analysis of covariance was used to calculate means of daily cigarette consumption, consumption at the workplace, consumption at home, and heaviness of smoking index for each category of overtime hours worked, while adjusting for age (< 30, 30-39, 40-49, 50 + yr), occupational position (staff, section chief or higher), type of workplace smoking restriction (work area ban or milder, workroom ban or stricter), interest in work (never or seldom, others), work overload (often, others), control over work (never or seldom, others), support from colleagues (never or seldom, others). Interaction was assessed by including a cross-product term of hours of overtime work and each potential confounding variable in a separate model. If the interaction was significant, stratified analysis was conducted according to the variable.
We tested overall difference in means across categories of overtime work. If P value for the overall difference was less than 0.05, we made pairwise comparisons using Tukey method 15) . Trend associations were tested by OVERTIME AND CIGARETTE CONSUMPTION assigning ordinal scores to the categories for hours of overtime worked. All analyses were done with PROC GLM on Statistical Analysis System (SAS) software 16) .
Results
The proportions of subjects aged < 30, 30-39, 40-49, and 50 yr were 9%, 31%, 30%, and 30% respectively. As shown in Table 1 , subjects who had worked longer hours of overtime during the past one-month period were more likely to be young. The absence of overtime work was associated with low levels of interest in work. Hours of overtime work was positively associated with perceived work overload.
As shown in Table 2 , there was no significant overall difference in mean daily consumption of cigarettes and heaviness of smoking index according to overtime hours worked. Adjustment for potential confounding variables did not materially alter the results. However, smokers who worked 10 to 29 overtime hours demonstrated decreased daily cigarette consumption and heaviness of smoking index, compared with smokers who did not work any overtime and with smokers who worked 50 hours or more overtime. In the workplace, smokers who worked 50 or more overtime hours consumed, on average, 4 cigarettes more than those who worked fewer than 30 overtime hours. Workplace cigarette consumption did not differ materially among groups of subjects who worked fewer than 30 overtime hours. In contrast, home cigarette consumption was inversely related to overtime hours worked in a monotonic manner.
Interaction with hours of overtime work was significant for occupational position (P = 0.049) and perceived work overload (P < 0.01). The results of stratified analysis for these variables were shown in Table 3 overall cigarette consumption according to overtime hours worked (P = 0.02), having reduced consumption associated with moderate overtime hours (P < 0.05, compared to no overtime work). Mean daily cigarette consumption across categories of overtime hours differed significantly among employees who did not perceive themselves to be frequently overworked (P = 0.02); smoker who worked 50 overtime hours or more consumed daily 8 cigarettes more than those who worked 10-29 overtime hours (P < 0.05). The type of workplace smoking restriction did not influence the association between overtime work and workplace cigarette consumption (data not shown).
Discussion
In a cross-sectional study of male smokers, both short and long hours of overtime work were associated with increased overall cigarette consumption and addition to cigarette, compared with medium levels of overtime work. The association was evident among those who were in low occupational position or subject to low levels of perceived work stress.
The results of separate analysis for smoking in the workplace and at home revealed that in the workplace, smokers who worked extended overtime hours (50 h or more) consumed more cigarettes than other groups. Prolonged time spent at the office is a plausible but not the only explanation for this increase; stronger desire to smoke to alleviate work stress 17) may also account for the increased workplace cigarette consumption associated with such long overtime hours. A small decrease in cigarette consumption at home for this group did not fully compensate the large increase in cigarette consumption at work, leading to increased overall cigarette consumption.
An increase in overall cigarette consumption among smokers who did not work overtime was unexpected. These smokers consumed similar amount of cigarettes in the workplace as those who worked moderate hours of overtime (10-29 h per month), where as the former consumed greater number of cigarettes at home than the latter. If the amount of workplace cigarette consumption per hour is constant, those who did not work overtime should consume less number of cigarettes at work than those who did. We have no plausible explanation for the lack of reduction in workplace cigarette consumption among those who worked no overtime. As shown in Table 1 , smokers who did not engage in any overtime work tended to have low interest in work. We thus infer that smokers having no overtime work may take smoking breaks more often or longer than those who engaged in moderate overtime work.
Stratified analysis showed that the association between overtime work and cigarette consumption is more marked among employees in staff position or in employees subject to low levels of work-related psychological stress. In contrast, the association was not clear among those who are in management positions or subject to high levels of work stress. This finding suggests that overtime work may significantly influence smoking behaviours in the absence of occupational factors strongly associated with smoking.
We expected that under strict smoking restriction, workplace cigarette consumption may be reduced. However, the type of workplace smoking restriction did not significantly affect the association between hours of overtime work and workplace cigarette consumption. A plausible explanation is that there was no material difference for smokers in taking smoking breaks under either policy. It is possible that stricter rules on smoking including total ban may significantly reduce cigarette consumption at work.
In a previous cross-sectional study, long working hours were associated with increased cigarette consumption 12) .
Steptoe et al. 18) found that female smokers but not male smokers consumed more cigarettes during periods of long work hours, based on repeated observations. Shields 19) OVERTIME AND CIGARETTE CONSUMPTION 247 reported an increase in cigarette consumption after a transition from standard to long work hours. The present study adds evidence to support the hypothesis that working long hours is related to greater cigarette consumption. To our knowledge, no study has reported greater cigarette consumption among smokers who did not work any overtime than among those who worked moderate overtime hours.
In general, the association of hours of overtime hours with the heaviness of smoking index was similar to that with overall cigarette consumption. Daily cigarette consumption was incorporated into the index and thus these indicators of smoking were not independent each other. Nevertheless, the heaviness of smoking index represents addictive levels of smoking, which may be useful for behavioural studies. Our study indicates that both short and extended hours of overtime work are related to higher levels of addition to cigarette, a status making it more difficult to quit smoking.
The present study had the following limitations. First, the inherent nature of cross-sectional studies does not permit the conclusion that overtime causes increased cigarette consumption at work. Nevertheless, subjects were selected from among workers of similar occupational background -i.e., from municipal office employees in permanent positions. In addition, these employees are on average relocated every three years without consideration of smoking habits. This makes it less likely that heavy smokers are more likely to work no or extended overtime hours than light smokers. Second, both smoking habits and overtime hours worked were self-reported. Nevertheless, since the questionnaires were anonymous, systematic errors in the responses to these questions may be minimal. Third, since the subjects were daytime office employees subject to smoking restrictions, caution needs to be exercised in generalizing the result to shift workers, non-office workers, or to individuals who worked in totally smoke-free environments. Fourth, the number of men who worked overtime of 50 hours or more was small and thus our study was underpowered to detect a statistically significant difference for this category. We were unable to assess the effects of extremely long working hours, i.e., overtime work of 100 hr or more per month.
In conclusion, the present study suggests that, in offices adopting mild smoking restrictions, both short and long hours of overtime work may be associated with increased overall cigarette consumption, compared with moderate overtime hours, especially among smokers who are under low psychological work stress. The U-shaped relation needs to be confirmed by studies including a larger number of smokers who work extended hours of overtime. Moreover, further studies are required to explore the effects of workplace smoke-free policy on the association between working hours and smoking behaviors.
